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SHQHWUDWLQJ LQWR WKH EXLOGLQJ 2WKHU PHWKRGV DUH ³VQLIILQJ´ PHWKRGV EDVHG RQ GHWHFWLQJ VXEVWDQFHV SHQHWUDWLQJ
WKURXJKWKHEXLOGLQJHQYHORSH
7KHUHLVGHDUWKRIPHWKRGV IRU ORFDWLQJDQGTXDQWLI\LQJOHDNDJHV LQJHQHUDO7KLV LVDERWKJUHDWKLQGUDQFH IRU
WLJKWHQLQJRIEXLOGLQJVDQG IRUGHYHORSLQJPRGHO IRUSHQHWUDWLRQRIDLU WKURXJK WKHEXLOGLQJHQYHORSH7KLVLV WKH
LPSHWXVIRUWKLVZRUN
,Q RUGHU WR RYHUFRPH WKH OLPLWDWLRQV LQ H[LVWLQJPHWKRGV IRU LGHQWLI\LQJ OHDNDJHV D QHZQRQFRQWDFWDQGQRQ
GHVWUXFWLYHPHWKRGEDVHGRQUDGDUWHFKQRORJ\LVVWXGLHG5DGDULVWRVRPHH[WHQWDOUHDG\XVHGWRH[DPLQHEXLOGLQJ
PDWHULDOVPDLQO\IRUWKHVWXG\RIUXVWRIUHEDURUWRILQGHPEHGGHGHOHPHQWVLQDZDOO7KHFKDOOHQJHWRILQGFUDFNV
LVWKHUHVROXWLRQVLQFHWKHVHDUHW\SLFDOO\PXFKVPDOOHUWKDQUHEDUDQGHPEHGGHGHOHPHQWV0RUHRYHUWKHUHVSRQVH
VLJQDOV IURP GHYLDWLQJ HOHPHQWV DUH VWURQJHU WKDQ IURP DGYHQWLWLRXV RSHQLQJV %\ XVLQJ UDGDU VLJQDOV ZLWK KLJK
IUHTXHQF\KLJKHUVSDWLDOUHVROXWLRQFDQEHREWDLQHGEXWKLJKIUHTXHQFLHVDUHDWWHQXDWHGPRUHWKDQORZIUHTXHQFLHV
ZKLFKUHVXOWVLQVKRUWHUSHQHWUDWLRQGHSWK7KHVLJQDOSRZHUFDQEHLQFUHDVHGLQRUGHULQFUHDVHWKHSHQHWUDWLRQGHSWK
IXUWKHUEXWWKHUHDUHFRQIRUPLW\UXOHVWKDWPXVWEHIROORZHG$QRWKHUGLIILFXOW\LVWKDWWKHIUDFWXUHRULHQWDWLRQDQG
WKHSRODUL]DWLRQWKHHOHFWURPDJQHWLFILHOGGXHWRWKHDQWHQQDDIIHFWWKHDELOLW\WRGHWHFWRSHQLQJV
7R LPSURYH SHUIRUPDQFH GLIIHUHQW VLJQDO SURFHVVLQJ PHWKRGV FDQ EH XVHG 2EMHFWV LQ DQ HQYHORSH FDQ EH
PHDVXUHGPXOWLSOHWLPHVZLWKGLIIHUHQWSRODUL]DWLRQVDQGZLWKWKHDLGRIGDWDIXVLRQIUDFWXUHVLQGLIIHUHQWRULHQWDWLRQV
FDQ EH GHWHFWHG 6\QWKHWLF DSHUWXUH UDGDU 6$5 LV D PHWKRG XVHG WR SURYLGH KLJKHU UHVROXWLRQ ZKHQ WKH UDGDU
DQWHQQDRUWKHREMHFWPRYHV%\VFDQQLQJWKHEXLOGLQJHOHPHQW6$5FDQEHXVHGWRGHWHFWDQRPDOLHVZKLFKZRXOG
QRWRWKHUZLVHEHGHWHFWDEOH,QWKLVSURMHFWXOWUDZLGHEDQGZLGWK8:%UDGDULVXVHGWKHIUHTXHQF\UDQJHRIZKLFK
LVVXLWDEOHWRREWDLQERWKJRRGUHVROXWLRQDQGVXIILFLHQWSHQHWUDWLRQGHSWK7KHGHVLJQRIWKH8:%UDGDULVVXFKWKDW
WKHVLJQDOSRZHUFDQEHORZWKXVFDQEHFHUWLILHGXQGHUERWK(XURSHDQ&(DQG$PHULFDQ)&&VWDQGDUGV
7KHSDSHULVRUJDQL]HGDVIROORZV,Q6HFWLRQUHODWHGUDGDUDSSOLFDWLRQVDUHHYDOXDWHGDQG6HFWLRQGHVFULEHV
WKHWHVWEHG3UHOLPLQDU\UHVXOWVDUHSUHVHQWHGLQ6HFWLRQDQG6HFWLRQGLVFXVVHVWKHUHVXOWVDQGSRLQWVRXW IXWXUH
ZRUN)LQDOO\FRQFOXVLRQVDUHJLYHQLQ6HFWLRQ
 5HODWHGUDGDUDSSOLFDWLRQV
5HFHQWO\QHZDSSOLFDWLRQVEDVHGRQUDGDUWHFKQRORJ\KDYHEHHQGHYHORSHGVXFKDVVHFXULW\VFUHHQLQJDWDLUSRUWV
>@ DQGLQPHGLFDODSSOLFDWLRQV0RUH DSSOLFDWLRQDUHDV LQ WXUQVWLPXODWHG WKHGHYHORSPHQWRI UDGDUHTXLSPHQWDV
ZHOODVDOJRULWKPVWRLQWHUSUHWWKHGDWD5DGDUKDVIRUVRPHWLPHEHHQXVHGWRLQYHVWLJDWHYDULRXVEXLOGLQJHOHPHQWV
>@7KHPRVWFRPPRQDSSOLFDWLRQLVWRH[DPLQHFRQFUHWHVWUXFWXUHV>@$ERYHDOOLWLVWRVWXG\WKHVWDWHRIDJLQJ
UHEDUDQGZKHWKHUWKH\KDYHEHHQDWWDFNHGE\UXVWWKDWKDVDWWUDFWHGPRVWLQWHUHVWVHHHJ>@5HEDUFRQGLWLRQ
KDVEHHQVWXGLHGLQEULGJHVWUXFWXUHV>@UHWDLQLQJZDOOV>@DQGZDOOVRIEXLOGLQJV>@0HWKRGVWRILQGREMHFWV
EXLOWLQKRXVHZDOOVKDYHEHHQVWXGLHGLQIRUH[DPSOH>@,Q>@UDGDUZDVXVHGWRILQGFDEOHVDQGZDWHUSLSHVLQ
RUGHU WRDYRLG WKHGDPDJHGXULQJUHQRYDWLRQDQGUHIXUELVKPHQWZRUNV ,WFDQDOVREHDERXW WR ILQGFDYLWLHVLQ WKH
KLVWRULFDOEXLOGLQJV>@([DPSOHVRIRWKHUDSSOLFDWLRQVDUHWRREMHFWVDQGDFWLYLWLHVEHKLQGWKHZDOOHJLQ>@,Q
WKH SURSRVHG SURMHFWZH DUH LQWHUHVWHG LQ VWXG\LQJ WKH IRUPDWLRQ RI FUDFNV LQVLGH WKHZDOOVZKLFK LVQRWDVZHOO
H[SORUHG$JURXSLQ-DSDQKDVVWXGLHGFUDFNVFDXVHGE\HDUWKTXDNHV>@
7KHFKDOOHQJHLQILQGLQJFUDFNVLQEXLOGLQJEORFNLVWRPDNHPHDVXUHPHQWVZLWKKLJKHQRXJKVSDWLDOUHVROXWLRQ
ZKLFKLVVKRZQHJLQ>@2QHZD\WRDFKLHYHKLJKHUVSDWLDOUHVROXWLRQLVWRPHDVXUHDWKLJKHUIUHTXHQFLHVKLJKHU
IUHTXHQFLHVKRZHYHUDUHPRUHDWWHQXDWHGWKDQORZHUIUHTXHQFLHV$VDFRQVHTXHQFHWKHSHQHWUDWLRQGHSWKEHFRPHV
VPDOOHUDQGWKHPHWKRGZLOOEH OLPLWHGWR WKLQQHUZDOOV ,QWKLVSURMHFWZHXVHDEDQGZLGWKRI*+]ZKLFK LVD
JRRGWUDGHRIIEHWZHHQVSDWLDOUHVROXWLRQDQGSHQHWUDWLRQGHSWK
5DGDUKDVDOVROLPLWDWLRQVUHJDUGLQJWKHSK\VLFDORULHQWDWLRQRIWKHFUDFNV7KHSRODUL]DWLRQRIWKHVLJQDOGXHWR
WKHDQWHQQDVRULHQWDWLRQLVGHFLVLYH IRU WKHGHWHFWLRQRIKRUL]RQWDORUYHUWLFDOFUDFNV'LIIHUHQWSRODUL]DWLRQVZHUH
VWXGLHGHJ LQ>@7KHVLJQDOFDQEH OLQHDUO\SRODUL]HG  W\SLFDOO\YHUWLFDOO\RUKRUL]RQWDOO\ ±RU OHIWRU
ULJKWKDQGHGFLUFXODUO\SRODUL]HGDVLQ>@&RPELQLQJKRUL]RQWDOYHUWLFDORUULJKWOHIWKDQGHGJLYHVLPSURYHGUHVXOW
ZKHQGHWHFWLQJFUDFNVZLWKDUELWUDU\RULHQWDWLRQ
1728   D. Andersson et al. /  Energy Procedia  78 ( 2015 )  1726 – 1731 
,QLWLDOO\WKHSURMHFWKDVIRFXVHGRQVFDQQLQJODUJHVXUIDFHVZLWKWKHUDGDUWUDQVPLWWHUDQGUHFHLYHUDWDGLVWDQFH
IURP WKH ZDOO LH D IDU ILHOGPHWKRG 7KXV SRVVLEOH FUDFNV FDQ EH GHWHFWHG:KHQ D FUDFN LV GHWHFWHG D PRUH
WKRURXJKH[DPLQDWLRQFRXOGEHPDGHZLWKDXQLWFORVHUWRWKHVXUIDFHWKDWJLYHPRUHGHWDLOHGLQIRUPDWLRQDERXWWKH
FUDFN LH DQHDU ILHOGPHWKRG8QHYHQZDOO VXUIDFHPD\ FDXVH SUREOHPV EXW WKHUH DUHPHWKRGV WRPLQLPL]H WKH
LQIOXHQFHRQWKHPHDVXUHPHQWVIURPWKHURXJKQHVV>@
'LIIHUHQW VLJQDO SURFHVVLQJ PHWKRGV PD\ EH XVHG WR LPSURYH WKH PHDVXUHPHQW UHVXOWV 6KRUW WLPH )RXULHU
WUDQVIRUPV6))7DQGHQWURS\ZDVXVHGLQ>@DQGZDYHOHWVZHUHXVHGLQ>@6$5LVDZHOOHVWDEOLVKHGWHFKQRORJ\
WKDW KDV EHHQ XVHG DOVR IRU PHDVXUHPHQWV RQ ZDOOV VHH HJ >@ ,Q 6$5 GDWD IURPPHDVXUHPHQWV DWPXOWLSOH
SRVLWLRQVRIWKHWUDQVPLWWHUDQGUHFHLYHUDUHXVHGWRJHWDQLPSURYHGLPDJH,QPRVWFDVHVHTXLGLVWDQWSRVLWLRQVDUH
XVHG5HFHQWO\UHVXOWVZHUHSXEOLVKHGWKDWVKRZHGWKDWLVQRWDSUHUHTXLVLWH>@EXWWKDWLWLVSRVVLEOHWROHWWKHXVHU
VFDQDVXUIDFHZLWKDKDQGKHOGXQLWZLWKRXWWKHUHTXLUHPHQWRQHTXLGLVWDQWSRVLWLRQV>@,QWKHSUHVHQWSURMHFWLW
ZLOODOVREHSRVVLEOHWRURWDWHWKHKDQGKHOGXQLWWRDFKLHYHGLIIHUHQWSRODUL]DWLRQV
 7HVWEHGGHVLJQ
,QWKLVSURMHFW8:%UDGDUZLWKQRLVHPRGXODWHGHOHFWURPDJQHWLFZDYHVLVXVHGZKRVHIUHTXHQF\UDQJHLV±
0+]7KHIUHTXHQF\UDQJHLVDVXLWDEOHWUDGHRIIRUDFKLHYLQJERWKJRRGUHVROXWLRQDQGVXIILFLHQWSHQHWUDWLRQ
GHSWK+RZHYHUKLJKHU IUHTXHQFLHVPLJKW EH FRQVLGHUHG GXH WR WKHQHHG IRUKLJKHU UHVROXWLRQ 7KH GHVLJQ RI WKH
8:% UDGDU LV VXFK WKDW WKH VLJQDO SRZHU FDQ EH ORZ DQG WKXV FDQ EH FHUWLILHG XQGHU ERWK (XURSHDQ &( DQG
$PHULFDQ)&&VWDQGDUG7KH&(VWDQGDUGVDUH(1DQG(17KH$PHULFDQVWDQGDUGVDUH)&&
DQG)&&
7KHUDGDUXQLWLVPRXQWHGRQDWZRWLPHVWZR[PHWHUVFDQQHUWKDWFDQPHDVXUHDZDOOVXUIDFH)LJVKRZV
WKH UDGDU XQLWZLWK WKH WZR DQWHQQDV EODFNZLWK RUDQJH V\PEROV%HWZHHQ WKH WZR DQWHQQDHD VKLHOGLQJ SODWH LV
PRXQWHG WR SUHYHQW FURVVWDON 7KH DQWHQQDH DUH URWDWDEOH LQ RUGHU WR SHUIRUP PHDVXUHPHQWV ZLWK GLIIHUHQW
SRODUL]DWLRQV7KHFRPSOHWHWHVWULJLVVKRZQLQ)LJ7KHUDGDUXQLWFDQEHWUDYHUVHGLQERWKYHUWLFDOO\DQGODWHUDOO\
,Q IURQWRI WKH WHVWULJ LV WKHPHDVXUHGREMHFW LQ WKLVFDVH LVDZRRGHQVWUXFWXUHZLWKSODVWHUERDUG7KH WHVWZDOO LV
IXUWKHUGHVFULEHGLQQH[WVHFWLRQ
)LJ5DGDUXQLWZLWKURWDWDEOHDQWHQQDH )LJ7KHFRPSOHWHWHVWULJ
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 5HVXOWV
7KH SURMHFW KDV VR IDU EHHQ RULHQWHG RQ GHYHORSLQJ PHDVXUHPHQW WHFKQLTXHV DQG EXLOGLQJ WKH WHVW SODWIRUP
,QLWLDOO\WKHIRFXVKDVEHHQWRPHDVXUHWKHNQRZQREMHFWVLQVLGHWKHZDOO7KHZDOOWKDWWKHPHDVXUHPHQWVSHUIRUPHG
RQLVVKRZQLQ)LJ7KHZDOOFRQVLVWVRIWKUHHYHUWLFDOVWXGVFRYHUHGZLWKSODVWHUERDUG,QWKHORZHUSDUWWKHUHLVD
ZDWHU SLSH LQ FRSSHU WKDWZLOO SURYLGH VWURQJ UHIOHFWHG VLJQDOV7KHZDOO DOVR FRQWDLQV SODVWLF SLSHV IRU HOHFWULFDO
FDEOHVDQGHOHFWULFDOER[HV+RZHYHUQRHOHFWULFZLUHVDUHPRXQWHGLQSODVWLFSLSHVZKLFKJLYHZHDNUDGDUVLJQDOV
WRWKHUHFHLYLQJDQWHQQD7KHPDLQUHDVRQLVWKDWZHDLPLQJWRILQGREMHFWVWKDWJLYHZHDNVLJQDOVHYHQLIWKH\DUH
FORVHWRVWURQJUDGDUWDUJHWV
,Q)LJ  WKH UDGDU LPDJH IURP WKH ORZHU SDUW RI WKHZDOO LV VKRZQ7KH ILJXUH LV LQ WZRSDUWV WKH XSSHUPRVW
VKRZVWKHUDGDULPDJHDQGWKHORZHUVKRZVWKHZDOOZLWKWKHSODVWHUERDUGGLVPRXQWHG7KHUHGEDUSRLQWVRXWWKH
VFDQQHGDUHD7KHUDGDULPDJHVKDOOEHLQWHUSUHWHGDVIROORZV7KH\D[LVLVWKHGLVWDQFHIURPWKHUDGDUXQLWWRWKH
WDUJHWDQGWKH[D[LVLVZLGWKRIWKHVFDQ%OXHFRORULVQRYHU\ORZUHIOHFWLQJVLJQDODQGUHGLVDVWURQJVLJQDO$V
FDQ EH VHHQ WKH FXSSHU SLSH JLYHV D VWURQJ VLJQDODQG WKHSODVWLF SLSHV JLYHVZHDN VLJQDOV7KH VWXGVDUH FOHDUO\
YLVLEOHWKHRXWHUPRVWSODVWLFSLSHVFDQEHFDQEHGLVFHUQHGZKLOHWKHWKLUGSODVWLFSLSHLVLQWKHQRLVHIORRU)LJ
VKRZVWKHXSSHUSDUWRIWKHZDOOZKHUHWKHUHLVQRFRSSHUSLSHDQGKHUHDOOFRPSRQHQWVDUHYLVLEOHVRPHPRUHWKDQ
RWKHUV
 'LVFXVVLRQ
7KHORQJWHUPDLPLVWRGHYHORSDKDQGKHOGGHYLFHWKDWXWLOL]HVQRYHODOJRULWKPVLQRUGHUWRYLVXDOL]HDGYHQWLWLRXV
RSHQLQJVLQWKHEXLOGLQJHQYHORSH7KHPHDVXUHPHQWVSHUIRUPHGVR IDUDUHSURPLVLQJHYHQWKRXJKWKH WHVWEHG LV
VWLOOXQGHUGHYHORSPHQW0HDVXUHPHQWVZLWKGLIIHUHQWSRODUL]DWLRQDUHSHUIRUPHGDQGDOJRULWKPV IRU VHQVRU IXVLRQ
DUH GHYHORSHG 7KH KDUGZDUH RI WKH UDGDU HTXLSPHQW ZLOO EH XSJUDGHG LQ RUGHU WR REWDLQ KLJKHU UHVROXWLRQ
0RUHRYHU WKH QHZPHWKRGZLOO EH FRPSDUHG DQG HYDOXDWHG DJDLQVW H[LVWLQJPHDVXUHPHQWPHWKRGV DQG WKHUHE\
LPSURYLQJWKHDELOLW\WRGHWHFWORFDOL]HFODVVLI\DQGTXDQWLI\YDULRXVW\SHVRIOHDNDJH
)LJ/RZHUSDUWRIWKHWHVWZDOO
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'XULQJ WKH SURMHFW D QHZ LPSRUWDQW DSSOLFDWLRQ KDV HPHUJHG WKH SRVVLELOLW\ RI GHWHFWLQJPRLVWXUH KDV EHHQ
UHTXHVWHG)RUUDGDUZDWHULVDJRRG UDGDU WDUJHW VLQFH LWSURYLGHVJRRG UHIOHFWLRQDQG WKHUHIRUH FDQEHVHHQDVD
SURPLVLQJWHFKQLTXHIRUDQXUJHQWQHHG,GHQWLILFDWLRQRIPRLVWXUHLQFRQVWUXFWLRQVLVLPSRUWDQWERWKWRGXHWRWKH
ULVNRIGDPDJHRI WKHFRQVWUXFWLRQLWVHOIDQGGXH WR WKH ULVNRIPROGJURZWKLQZRRGHQFRQVWUXFWLRQVZKLFKPD\
KDYH QHJDWLYH KHDOWK HIIHFWV RQ SHRSOH 2QH DGYDQWDJH RI UDGDU LV WKDW LW LV D ZKROH ILHOGPHDVXULQJ WHFKQLTXHV
VKRZLQJ WKHH[WHQVLRQRI WKHDUHDZLWKPRLVWXUH7KLVPDNHV LWSRVVLEOH WR IROORZ WKHFKDQJH LQVSUHDGLQJRI WKH
PRLVWXUHZLWKWLPH7KHSUHVHQFHRIPRLVWXUHLQFUDFNVLPSURYHVWKHSRVVLELOLW\WRGHWHFWWKHFUDFNV
 &RQFOXVLRQV
,QWKLVSDSHUDQHZPHWKRGWRORFDOL]HYDULRXVW\SHVRIOHDNVLVSUHVHQWHG7KHPHWKRGLVEDVHGRQ8:%UDGDU
WKDWXWLOL]HVGLIIHUHQWSRODUL]DWLRQVDQGVLJQDOSURFHVVLQJWHFKQLTXHVWRGHWHFWDGYHQWLWLRXVRSHQLQJV$ILUVWYHUVLRQ
RIWKHPHDVXUHPHQWV\VWHPLVGHVLJQHGDQGWKHLQLWLDOPHDVXUHPHQWVVKRZSURPLVLQJUHVXOWV
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